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The background regarding the preservatives methylchloroisothiazolinone (MCI) and methylisothiazolinone (MI) is a good example of both the importance to survey contact allergy trends and the necessity to regularly review any patch test baseline series. In the early 1980s MCI/MI at a ratio of 3:1 was introduced as a preservative in industrial and household products as well as in cosmetics. Soon a rise in contact allergy frequencies was seen (1) (2) (3) . Both MCI and MI were shown to be sensitisers in humans (4) and animal studies could show that the moiety MCI was the main sensitiser (5) . Although MI was shown to be a sensitiser too, it is not legislated/ classified as a contact allergen and its use in chemical products is not restricted or in need of declaration, with the exception of products regulated by the Cosmetics Regulation (EC 1223/2009) or the Detergents Regulation (EC 648/2004). In 1989, regulatory measurements were taken and the maximum allowed concentration of MCI/MI in cosmetics was set to 15 ppm within the EU (89/174/EEC). This led to decreasing contact allergy frequencies (6) . In 2005 MI alone was allowed in Europe as a preservative in cosmetics at a maximum concentration of 100 ppm. This was followed by yet another rise in the contact allergy frequencies to MCI/MI in Europe (6, 7) . However, the patch test preparation of MCI/MI used in many baseline series may fail to detect contact allergies to MI because the concentration of MI is too low in the test preparation (50 ppm). This shortcoming and the reports of higher contact allergy frequencies to MI when patch-tested alone resulted in the inclusion of MI at 2,000 ppm aqua (60 µg/cm 2 ) into the European baseline series in January 2014 (8) . The aim of this study was to survey the contact allergy frequencies to MCI/MI and MI in Sweden in order to evaluate if MI 2,000 ppm aqua should be included in the Swedish baseline series.
MATERIALS AND METHODS
The study was conducted by the Swedish Contact Dermatitis Research Group and 5 Swedish dermatology clinics took part during the period February-December 2012. The participating clinics were from Malmö, Gothenburg, Uddevalla, Stockholm, and Umeå. Results are based on the consecutive patch testing of 1,498 patients with suspected allergic contact dermatitis, 1,003 females and 495 males (mean age 43.8 years; age range 5-90 years; female/male 67.0/33.0%). All participating clinics used preparations of the same batches of MI 2,000 ppm (w/v) in aqua and MCI/MI 200 ppm (w/v) in aqua, both bought from Chemotechnique Diagnostics (Vellinge, Sweden) by the Malmö department which distributed it to participating clinics. The patch testing and reading of the patients followed the routine of the participating clinics. Finn Chambers ® (8 mm diameter; Epitest Ltd, Tuusula, Finland) on Scanpor ® tape (Norgesplaster A/S, Vennesla, Norway) were used in all centres except Uddevalla, which used IQ Ultra chambers (8 × 8 mm 2 ; Chemotechnique Diagnostics) on a high quality hypoallergenic surgical tape. The dose of 15 µl for Finn Chamber and 20 µl for IQ ultra was applied using micro-pipettes (9) to give the doses 60 µg/cm 2 and 6 µg/cm 2 for MI and MCI/MI, respectively. Readings were classified according to the ICDRG guidelines (10) . All patients were read twice, on day (D) 3-4 and D6-8. A dermatologist read all patch tests on both days in all centres except Umeå, where a nurse trained in patch-test readings did the first reading and a dermatologist the second one. Any positive reaction (+, ++, +++) either on D3-4 or D6-8, was registered as a positive reaction.
RESULTS
In Table SI 1 the patch test results from testing with MI 2,000 ppm (60 µg/cm 2 ) in aqua and MCI/MI 200 ppm (6 µg/cm 2 ) in aqua are presented. In total, 7.1% reacted to MCI/MI. Of these, 2% had an exclusive contact allergy to MCI/MI. Of the 7.1% that reacted to MI, 1.9% had an exclusive contact allergy to MI. The additional number of cases found by testing MI separately varied from 0.8-4.2% in the 5 centres. In all, 9.1% of the patch-tested population reacted to MCI/ MI and/or MI. The age and sex distribution amongst the positive patients are listed in Table SII 1 .
DISCUSSION
In the present study, the number of cases with exclusive contact allergy to MI varied between 0.8-4.2%.
Besides reflecting true differences in contact allergy rates after adjusting for factors such as gender, age, occupational cases and face dermatitis, the variation may also partly depend on the quality of the performed multicentre study. In a recent paper on how to improve the quality of multicentre patch test studies, 16 factors of significance for the patch test result were identified (11). These factors were scored depending on the relative importance of respective factor for the patch test result. According to the quality ranking suggested based on the total score, the present multicentre patch test study is ranked as a high quality study. The factors not scoring the highest possible values were different patch test system and occlusive tape, no control of tape adhesiveness after 48 h, no calibration of reading and no monitoring performed (11) . Studies from other countries regarding MI allergies that would have been missed if only MCI/MI was tested show figures ranging from 0-1.6% (12-14) ; however, it should be noted that different patch test concentrations have been used in the different countries which might affect the outcome (8) . MI has been tested in ranges from 200-2,000 ppm in the above-mentioned studies. In the European baseline series 100 ppm MCI/MI has been recommended (15), while 200 ppm has been used in Sweden since 1986 (16), in Spain since the late 1980s (17) , and in some UK centres since the 2000s (18) . In fact, there is a new recommendation from the European Environmental and Contact Dermatitis Research Group and the European Society of Contact Dermatitis to increase the concentration of MCI/MI to 200 ppm (6 µg/ cm 2 ) (19) . In the present study where MI was tested at 2,000 ppm, 72.6% of those positive to MCI/MI at 200 ppm also reacted to the MI preparation at 2,000 ppm. Corresponding figure from Germany in 2011 was 59% when testing with MCI/MI at 100 ppm and MI at 500 ppm (20) .
In the present study a total of 106 individuals (7.1%) had a positive reaction to MI. Amongst these, 88 of 106 (83%) had ++ or +++ reactions and 77 of 106 (72.6%) had concurrent reactions with MCI/MI. The concurrent reactions between MI and MCI/MI were equally strong in 35 individuals (45.4%), for 33 individuals (42.9%) the MI reactions were stronger while the MCI/MI reactions were stronger in 9 individuals (11.7%); 29 (27.4%) of the MI-positive individuals did not react to MCI/MI. In 21 (72.4%) of these cases the patients had a weak reaction (+), not classified as positive, to MCI/MI. In a recently published study from Finland, where 3,682 patients were patch-tested with MI 500 ppm aq and MCI/MI at 100 ppm (13), a somewhat higher frequency of MI-positive individuals was seen (11.3%) compared to our results, while the percentage of patients reacting with strong (++ or +++) reactions were lower in the Finnish study (67%). The results show that it is mainly those with a weak MI allergy that risk to be missed if patch-testing is only performed with MCI/MI. However, as several repeated open application studies have shown that also patients with weak allergies risk to develop dermatitis if exposed under prolonged conditions (12, 21, 22) it is necessary to also test with MI separately.
Some previous reports have indicated a male predominance of MI-positive patients (14, 23, 24) . In the present study, more women than men reacted to both MCI/ MI and MI (p < 0.001; Fischer's exact test, 2-tailed). However, there was no statistical difference between the number of women that reacted only to MI (and not to MCI/MI) compared with the number of men with the same reactivity pattern (p = 0.425; Fischer's exact test, 2-tailed). Neither was there any statistical difference between the number of women that reacted only to MCI/ MI (and not to MI) compared with the number of men with the same reactivity pattern. (p = 0.328; Fischer's exact test, 2-tailed).
Several studies (25) (26) (27) have showed an over-representation of MI allergy amongst patients older than 40 years, and it has been suggested that one explanation is a lack of sufficient down-regulatory response in older people (26) or age-associated use of cosmetics (25, 26) . This pattern was not seen in the present study, where both the mean and the median age was below 40 years of age while the mean age of all tested individuals was ≥ 40 years of age. Although a lower median age were seen in our study amongst those positive to MCI/MI and/ or MI compared to the results in the above-mentioned Patch testing with methylisothiazolinone studies, very few children were positive. In fact, only one individual < 15 years of age was positive to any of the investigated substances, an 11-year-old girl with a + reaction to MI on D7.
Conclusion
Previously published results from other countries have shown that the contact allergy frequencies to MI are high and increasing with a subsequent increase in also the contact allergy frequencies to MCI/MI. This study confirms that the contact allergy frequencies to MI and MCI/MI are high also in Sweden. This is most probably due to an increased exposure to MI as a result of its introducing in 2005 as a monopreservative itself in cosmetics. An increased use of MI in combination with the fact that no legislative changes regarding the use of MCI/MI has been taken since 1989, indicates that the observed increased frequencies are a result of MI being the primary sensitiser in most cases. With this study as a basis the Swedish Society for Occupational and Environmental Dermatology included MI in water at 2,000 ppm in the Swedish baseline series from January 2014, thus the same concentration/dose as the recommended one for the European baseline series [8] . This corresponds to a dose of 60 μg/cm 2 when applying 15 μl with a micro-pipette and using the Finn Chamber ® (diameter 8 mm) technique.
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